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(54) METHOD FOR RECOVERING VALUABLE METAL FROM USED LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make it possible to recover valuable metals, such as Co and Ni, at a 
good yields by roasting used lithium secondary batteries, then pulverizing and sieving these batteries, 
mixing the valuable metal concentrate which is the minus sieve thereof with a calcium compd., melting 
the mixture and removing the formed slag. 

SOLUTION: The used lithium secondary batteries are roasted at about 350 to 1000°C. by which org. 
materials are decomposed, burned or evaporated and are removed. The roasted matter is pulverized 
and is sieved by using a sieve below about 3350|xm. The primary valuable metal concentrate 
represented by Co and Ni is obtd. as the minus sieve. This concentrate is mixed with the Ca 
component, such as calcium hydroxid and is heated to a temp, above the temp, at which the metal 
components in the concentrate melt. The Al contained as an impurity in the melt is removed into the 
slag and the metals (the alloys of the valuable metals) are recovered as the secondary valuable metal 
concentrate. At this time, the Al of the impurity is oxidized and is brought into reaction with the CaO 
component in the Ca compd., by which the AI203-CaO slag having a low m.p. and good flow property is 
formed. 
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* NOTICES * 

JPO and NCIPX are not responsible £or any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which roasts a used lithium rechargeable battery and obtains a roast object, the 
process which grinds this roast object and obtains a grinding object, and this grinding object are sifted out. 
Mix with a lime compound the process which obtains a primary valuable metal concentrate as a minus sieve, 
and this primary valuable metal concentrate, then fuse, and the slag which this generates is removed. The 
recovery approach of the valuable metal from a used lithium rechargeable battery which consists of a 
process which collects metal as a secondary valuable metal concentrate. 

[Claim 2] Roast is the recovery approach of the valuable metal from the used lithium rechargeable battery 
according to claim 1 performed at 350-1000 degrees C. 

[Claim 3] Grinding is the recovery approach of the valuable metal from the used lithium rechargeable 
battery according to claim 1 or 2 performed so that a nominal dimension may sift out at the following 
sieving process, a valuable metal may sift out by JIS-Z8801 standard sieve 3350 micrometers or less and it 
may be contained in a minus sieve with a sufficient sex. 

[Claim 4] Sieving is the recovery approach of the valuable metal from the used lithium rechargeable battery 
according to claim 1, 2, or 3 which a nominal dimension performs by JIS-Z8801 standard sieve 3350 
micrometers or less so that a valuable metal may be contained in a minus sieve with sieving nature 
respectively sufficient [ iron ] to a plus sieve. 

[Claim 5] The lime compound which mixes a primary valuable metal concentrate is the recovery approach 
of the valuable metal from the used lithium rechargeable battery according to claim 1 to 4 which are one sort 
chosen from from among CaO and calcium (OH)2 and CaC03, or two sorts or more of mixture. 
[Claim 6] The lime compound which mixes a primary valuable metal concentrate is the recovery approach 
of the valuable metal from the used lithium rechargeable battery according to claim 1 to 5 which is 0.3 to 0.7 
times the aluminum molar quantity which the amount of mixing contains in this primary valuable metal 
concentrate with the CaO mol equivalent. 

[Claim 7] Melting of a primary valuable metal concentrate is the recovery approach of the valuable metal 
from the used lithium rechargeable battery according to claim 1 to 6 performed by the ambient atmosphere 
or neutral atmosphere in which a melting ambient atmosphere contains the oxygen below the oxygen density 

in atmospheric air. 

[Claim 8] Melting of a primary valuable metal concentrate is the recovery approach of the valuable metal 
from the used lithium rechargeable battery according to claim 1 to 7 which performs melting temperature 
above 1500 degrees C. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the recovery approach of the valuable metal from a used 

lithium rechargeable battery. 

[0002] 

[Description of the Prior Art] The lithium rechargeable battery is known as a light weight and a cell of high 
electric capacity. The lithium cobalt multiple oxide which contains cobalt as positive active material is used 
for this cell. Moreover, researches and developments of the lithium nickel complex oxide which contains 
nickel as positive active material of high capacity more are furthered in each cell manufacturer company. 
Therefore, a lithium rechargeable battery contains a valuable metal like cobalt or nickel so much. Therefore, 
it is very important from a viewpoint of a deployment of a resource to collect valuable metals from a used 
lithium rechargeable battery. 

[0003] Conventionally, as an approach of collecting valuable metals from a used lithium rechargeable 
battery, primary roast, crushing and sieving, and after roasting the 2nd order, the technique which considers 
as a solution by the acid dissolution etc. with the usual wet method in order to remove aluminum, and 
carries out precipitate removal of the aluminum by pH control etc. is indicated by JP,7-207349,A, However, 
by this approach, in case aluminum is removed, while a lot of aluminum hydroxides of difficulty filterability 
generate and the recovery of a valuable metal falls, a process becomes complicated. 
[0004] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the approach of 
collecting valuable metals from a used lithium rechargeable battery with sufficient yield simple, in view of 
the above-mentioned situation. 
[0005] 

[Means for Solving the Problem] This invention sifts out the process which roasts a used liftiixun 
rechargeable battery and obtains a roast object as a means to attain the above-mentioned purpose, the 
process which grinds this roast object and obtains a grinding object, and this grinding object. Mix with a 
lime compound the process which obtains a primary valuable metal concentrate as a minus sieve, and this 
primary valuable metal concentrate, then fuse, and the slag which this generates is removed. It is the 
recovery approach of the valuable metal from a used lithium rechargeable battery which consists of a 
process which collects metal as a secondary valuable metal concentrate. 
[0006] 

[Embodiment of the Invention] The recovery approach of the valuable metal from the used lithium 
rechargeable battery of this invention consists of (1) roast process, (2) grinding processes, (3) sieving 
processes, and (4) melting processes. 

[0007] (1) First, ****** roasts a used lithium rechargeable battery and obtains a roast object. This roast is 
performed in order for the polyvinylidene fluoride which is the binder of three active materials, such as 6 
phosphorus-fluoride acid lithiums which are two electrolyte components, such as porous polypropylene used 
for one separator, to decompose, bum or volatilize organic materials, such as a N-methyl-2-pyrrolidone 
which is the solvent of the mixture of four active materials and a binder, and to remove. 350 degrees C or 
more of roast temperature are 500 degrees C or more more preferably. 1000 degrees C is enough as an upper 
limit. It is returned by the carbon which exists in the interior of a cell so much, and the great portion of 
lithium cobalt multiple oxide which the above-mentioned organic material is removed by this roast, and also 
is positive active material, and lithium nickel complex oxide very become easy to become a cobalt metal 
powder and a nickel metal powder, respectively. 
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[0008] (2) Grind a grinding process, next the above-mentioned roast object, and obtain a grinding object. 
The part which is rich in the valuable metal which has become that it is very easy to be ground since this 
grinding is retumed by carbon while a binder and a solvent are removed by the 1 above-mentioned roast 
among the above-mentioned roast objects, 2) It carries out in order to make easy to separate from the part to 
which there are few valuable metals, such as aluminium foil used as a positive-electrode charge collector, 
the copper network and copper foil which are used as a negative-electrode charge collector, and an iron 
cylinder sheathing can, and they are rich in the 1 above-mentioned valuable metal at the following sieving 
process the part which is comparatively hard to be ground. 

[0009] By the way, the part which the 2 above-mentioned valuable metals have and by which they cannot be 
ground easily is hard to be ground in the usual grinding to extent which a nominal dimension mixes in the 
minus sieve of JIS-Z8801 standard sieve 3350 micrometers or less ("a nominal dimension is JIS-Z8801 
standard sieve 3350 micrometers or less" is only hereafter called "screen 3350 micrometers or less"). 
Therefore, it is desirable to grind to extent which a valuable metal sifts out by the screen 3350 micrometers 
or less at the following sieving process, and is contained in a minus sieve with a sufficient sex (that is, 
mixing of the valuable metal to a plus sieve is lost mostly). Iron is sifted out at the following sieving process 
and it can be made to be able to contain in a plus sieve with a sufficient sex by this grinding (that is, mixing 
of the iron to a minus sieve is lost mostly). If it does not grind to above-mentioned extent, the valuable metal 
grace of the minus sieve obtained at the following sieving process will fall, or the rate of allocation to the 
minus sieve of a valuable metal will fall. 

[0010] The grinding equipment which is independent, or combines and uses approaches, such as a well- 
known impact, friction, shear, and compression, can be suitably used for grinding. 
[001 1] (3) Obtain the primary valuable metal concentrate which sifts out a grinding object to a sieving 
process pan, and makes cobalt nickel representation as a minus sieve. It is desirable to use a screen 3350 
micrometers or less so that the valuable metal in a grinding object may sift out to this primary valuable 
metal concentrate, and the iron in a grinding object may sift out to a plus sieve and it may be sifted out with 
a sufficient sex, A screen 3350 micrometers or less can be suitably chosen according to ttie grinding 
situation of a grinding object. A too fine screen reduces the yield of a primary valuable metal concentrate. 
The minimum of the magnitude of a screen has desirable 425 micrometers. 

[0012] (4) The minus sieve from which ****** was obtained contains comparatively a lot of aluminum in 
addition to a valuable metal. Then, the aluminum contained is removed and a secondary valuable metal 
concentrate is made to generate. Therefore, the primary valuable metal concentrate which is the obtained 
minus sieve is mixed with a lime compound, a temperature up is carried out beyond the temperature which 
the metal component in a primary valuable metal concentrate fuses, the aluminum contained as an impurity 
is removed in a slag, and metal (alloy of a valuable metal) is collected as a secondary valuable metal 
concentrate. Under the present circimistances, the aluminum contained as an impurity reacts with the CaO 
component in the above-mentioned lime compound, £ind a fluid good aluminum203-CaO system slag 
generates it at a low-melt point point while it oxidizes. 

[0013] Although any lime compounds of the above-mentioned lime compound are usable if a calcium oxide 
is generated with melting temperature, a calcium hydroxide, a calcium carbonate, and a calcium oxide are 
effective in practice. 

[0014] Since the amount of mixing of a lime compound makes a fluid good slag generate at the low-melt 
point point describing above, 0.3 to 0.7 times of aluminum molar quantity in a primary valuable metal 
concentrate are desirable at the CaO mol equivalent. Here, the CaO mol equivalent means the amount which 
showed the CaO considerable amount converted from the amount of lime compounds per mol. Even if the 
amount of mixing of the above-mentioned lime compound exceeds 0.7 times at least less than 0.3 times with 
the CaO mol equivalent, the separation removal from the metal of a slag becomes [ a fluid good slag ] is 
hard to be generated at a low-melt point point difficult. 

[0015] In order that a melting ambient atmosphere may use aluminum as the above-mentioned slag and may 
not oxidize a valuable metal, it is desirable to consider as the ambient atmosphere or neutral atmosphere 
containing the oxygen below the oxygen density in atmospheric air. 

[0016] Although melting temperature is influenced by the presentation of the primary valuable metal 
concentrate obtained, in order to make separation removal of a slag good, it is 1500 degrees C or more 
preferably. 

[0017] Since a lot of carbon contains in this valuable metal concentrate, in case the valuable metal which is 
not retumed in a primary valuable metal concentrate is the above-mentioned melting, it is retumed with this 
carbon and it serves as metal. The melting metal which performed slag separation can be suitably used as a 

http ://www4 . ipdl . ncipi .go .jp/cgi-bin/tran_web_cgi_ej j e 9/ 1 9/2006 



JP,10-158751,A [DETAILED DESCRIPTION] 



Page 3 of 4 



raw material in the well-known refinery process to a valuable metal. 
[0018] 

[Example] Next, the example of this invention is explained. 

[0019] Three [example 1] used lithium rechargeable batteries (the diameter of 18mm, die length of 65mm) 
were put into the muffle fiimace of an atmospheric-air ambient atmosphere, and it roasted over 800 degrees 
C for 30 minutes. Next, the good cutter (Made in the Ujiie Factory) which is a kind of a shear grinder 
ground these roast objects. Furthermore, the nominal dimension sifted out and carried out the grinding 
object using JIS-Z8801 standard sieve which is 1000 micrometers. 

[0020] The plus sieve and minus sieve which were obtained by sieving dissolved the test sample for 
chemical analysis with the aqua regia, and analyzed cobalt, nickel, iron, aluminum, and calcium with atomic 
absorption analysis (future analysis was also performed by the same approach). 

[0021] With the CaO mol equivalent, an extra pure reagent and 2.2g of aluminum 1 .60g (0.0593 mols) 0.5 
times as many calcium hydroxides as this were added to the minus sieve (the aluminum to contain is 1 .60g) 
obtained by sieving, and it mixed to it, and put into it at alumina crucible. And it fused at 1500 degrees C all 
over the crucible fixmace of an atmospheric-air ambient atmosphere for 1 hour. The melting object cooled 
after that was divided into metal and a slag, and this metal and slag were analyzed. Metal balance is shown 
in Table 1. 
[0022] 
[Table 1] 
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0.20 


26.90 
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13.30 
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1.60 
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0.70 


0.10 


0.00 


1.56 
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12.60 


1,70 


0.10 


0.04 


0.02 



[0023] Roast, grinding, and sieving were carried out like the [example 2] example 1. The plus sieve and 

minus sieve which were obtained by sieving as well as an example 1 were also emalyzed. 

[0024] With the CaO mol equivalent, to the primary valuable metal concentrate (a cobalt nickel concentrate 

and the aluminum to contain are 1 .80g) which is the obtained minus sieve, a reagent and 2.2g of aluminum 

1 .80g (0.0667 mols) 0.6 times as many calcium oxides as this were added, and it mixed to it, and fused at 

1550 degrees C all over the crucible fiimace of an atmospheric-air ambient atmosphere for 1 hour. The 

melting object cooled after that was divided into metal and a slag, and this metal and slag were analyzed like 

the above. Metal balance is shown in Table 2. 

[0025] 

[Table 2] 
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7.9if (g) 


0.60 


0.10 
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1.76 


1.54 


^^ffJl (g) 


12.80 


1.70 


0.20 


0.04 


0.03 



[0026] 

[Effect of the Invention] According to the recovery approach of the valuable metal from the used lithium 
rechargeable battery of this invention, a valuable metal like cobalt or nickel is recoverable from a used 
lithium rechargeable battery with sufficient yield simple. 
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